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Abstract
We present the results of an experiment designed to explore the effectiveness of different combinations of symbol features in 
facilitating participants’ ability to extract important global information in visually-cluttered displays. Participants were presented 
with arrays of visual symbols consisting of a number of visual targets amidst distractor symbols. The participants had to decide as 
quickly and accurately as possible whether there were more targets or more distractors present in the array. Combinations of 
symbol features (color-fill, color-letter, color-shape, and fill-shape) were varied on a block-to-block basis, while set size and ratio 
of targets to distractors (easy/20:80 or difficult/40:60) were varied on a trial-by-trial basis.The results of this experiment revealed 
that the combination of color and shape and specific shapes and fill led to worse performancecompared to the combinations of 
color and fill. These results suggest that the combination of colors and fill can be used to facilitate the identification of display 
elements in a complex visual array.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
A large number of professions require that individuals extract information from displays in a quick and accurate 
manner. These displays often use symbols, with combinations of features that are intended to convey key pieces of 
information such as location, direction of travel, and alert level. Of particular interest to the present study are the 
displays used in air traffic management.
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The Next Generation Air Transportation System (NextGen) is an ongoing program of improvements and 
upgrades to the National Airspace System (NAS) thathas been and will continue to introduce a number of concepts 
and technologies aimed at enhancing the safety, reliability, and efficiency of air transportation [1]. In order to 
achieve these goals, all components of the NAS (i.e., air traffic management operations, airports, air operations 
centers and flight decks) are being overhauled, with NextGen changes being rolled out incrementally. It is likely that 
future air traffic controllers (ATCos) will have to manage airspaces that have more aircraft than presently allowed in 
a given sector [2]. Moreover, these aircraft will vary in terms of the type of tools equipped for communication, 
navigation, and conflict resolution. With the advent of NextGen tools and technologies on board aircraft, ATCos 
will likely have to be able to efficiently code this equipage information, in addition to the other pertinent aircraft 
information. Therefore, ATCo displays need to be configured in a manner that provides information about the 
characteristics of individual and groups of aircraft currently in a given sector. One way to provide this information is 
through the use of symbols and symbol features. Just what symbols and symbol features can and should be 
combined to convey multiple pieces of information to ATCos about the aircraft in their sector is the focus of the 
present study.
Symbols are often used in air traffic management systems to communicate important traffic information to air 
traffic controllers (ATCos), such as current location, direction of travel, altitude, etc. This information can be 
represented by a number of visual features or characteristics, including shape, color, alphanumeric labels, and size, 
just to name a few. ATCos must interpret these features in the context of visually-cluttered radar displays and often 
make relatively quick judgments based on the information provided by them in order to ensure the safe and efficient 
management of aircraft in their sectors.
Although general standards exist for denoting information on current air traffic control displays, features that are 
used to convey new or existing types of air traffic information in research studies on future NextGen air traffic 
control has been somewhat arbitrarily assigned. ATCos have also been given options to choose whichever 
conventions suit them [3, 4]. Moreover, there is a lack of standardization within and across air traffic management 
systems concerning the design and implementation of the appropriate symbols to use in order to most effectively 
convey important traffic information. This lack of standardization can lead to confusion, misinterpretation, and, 
ultimately, errors that can potentially be catastrophic. 
Previous research by Chandra, Zuschlag, Helleberg, and Estes [5] has shown that the most effective symbols 
were those that had clear direction indicators (e.g., a leading line or pointed head) and used conventional red or 
yellow colors to indicate alert level. Another study by McDougall, Tyrer, and Folkard[6]demonstrated that 
participants’ reaction time (RT) and accuracy to detecting pre-specified target symbols were better with simple 
symbols conveying two pieces of information than complex symbols conveying three of more pieces of information 
[7, 8]. Ahlstrom, Rubinstein, Siegel, Medford, and Manning [9] found that ATCospreferred color and graphical 
enhancements for reducing sector complexity in cluttered airspaces where multiple pieces of information were being 
conveyed. Finally, Yuditsky et al. [10] evaluated the application of one enhancement, color-coding, for the impacts 
on performance in an air traffic management simulation and found that color-coding improved performance when 
the enhancements were tested individually, but no benefit was found when the enhancements were combined.
It is important to note that none of the aforementioned studies examined combinations of symbols and symbol 
features for their effectiveness in reducing complexity in future mixed-equipage environments. In fact, relatively 
little attention has been paid to the design of displays and symbols for NextGen. This is perhaps because strategies 
for the allocation of roles and responsibilities are still being worked out [11,12]. Indeed, most simulations of 
NextGen operating concepts, function allocation, and impact of automation are based on symbology that is either 
derived from current day ATCosymbology or selected by researchers for each simulation on a case-by-case basis. 
Just what features of symbols or combinations of features might best help ATCos distinguish between data link 
equipped and data link unequipped aircraft owned by their sector, for example, are, as yet, unknown. The advent of 
NextGen concepts and technologies in the NASprovides a unique opportunity to re-evaluate combinations of symbol 
features in current day air traffic symbology and propose potentially new symbol features and designs. We report on 
an experiment designed to test ATCosymbology and conjunctions of symbol features to determine their relative 
effectiveness in conveying important air traffic information. It is hypothesized that the most discernible symbols will 
ultimately yield the best performance. 
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2. Method
2.1. Participants
Twenty-seven participants ranging in age from 18-35 years (M = 20 years) from a university took part in this 
study and were awarded experimental credits toward a course research participation requirement for completing the 
experiment. Participants were tested in a single session, lasting approximately 20 minutes.
2.2. Stimuli and Apparatus
A computer with the software application, E-Prime, was used to program the experiment, present the visual 
stimuli, and to collect behavioral responses from participants. Every visual display contained four types of symbols 
that appeared against a black background: a target, a primary distractor, and two secondary distractors. Five target-
distractor tasks (color-fill, color-letter, color-shape, fill-shape1, and fill-shape2; see Figure 1) were varied on a 
block-by-block basis and counterbalanced between participants. The targets and their corresponding distractors were 
white solid circles with a line amongst filled green (RGB = 0, 255, 0) circles with a line amongst and white/green 
triangles (color-shape, see Figure 2A), green Ss amongst white Ss and white/green Ms (color-letter, see Figure 2B),
green-filled triangles amongst white filled triangles and white/green un-filled triangles (color-fill, see Figure 2C), 
white-filled circles withwhite filled triangles and unfilled circles with a line and unfilled triangles (fill-shape) or 
white filled circles with a line amongst white unfilled circles with a line and filled/unfilled white triangles (fill-
shape2). Note that the fill-shape variants only differed by what stimuli were designated as the target set. Participants 
sat at a viewing distance of 60 cm. All of the visual stimuli each subtended approximately 1.15 º of visual angle in 
length and .76º in width.
2.3. Design and Procedure
Five target-distractor tasks (color-shape, color-letter, color-fill, and two fill-shape tasks) were varied on a block-
by-block basis and counterbalanced between participants. Two target-distractor ratios (easy - 20:80 or 80:20, and 
difficult - 40:60 or 60:40; see Figure 2 for sample illustrations) and four set sizes (11, 22, 33, 44) were varied on a 
trial-by-trial basis and randomized within each block of trials. Each combination of target-distractor ratio and set 
size was repeated five times, resulting in 5 blocks of 80 trials each. 
Figure 1. Summary of symbol combinations for color-fill, color-letter, color-shape, fill-shape 1, and fill-shape 2 tasks.
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A. B. C.
Fig. 2. Illustration of target-distractor arrays.(A) Color-shape task with 40:60 ratio and set size 22 (B) Color-letter task with 80:20 ratio and set 
size 44 (C) Color-fill task with 60:40 ratio and set size 33 
3. Results
Participants’ reaction time (RT) and accuracy data were recorded and converted into inverse efficiency (IE) 
scores to correct for any potential speed–accuracy trade-offs [13, 14]. IE scores were computed by dividing each 
participant’s mean RT for each condition by their proportion of correct responses for that condition. Greater IE 
scores reflect less efficient performance. Greenhouse-Geisser corrections were applied for violations in sphericity, 
when appropriate. 
A repeated-measures ANOVA was conducted on the IE data with task (color-fill, color-letter, color-shape, fill-
shape, or fill-shape2), set size (11, 22, 33, or 44) and ratio (easy or difficult) as the within-participants factors.The 
main effects of difficulty, F(1,26) = 184.23, pȘp2 = .88, and task, F(2.06,53.57) = 2.06, p  Șp2 = .15, 
were significant. However, no main effect of set size was found (p = .17). 
A. B.
Fig. 3. (A) Mean Inverse Efficiency (in ms) as a Function of Difficulty. (B)Mean Inverse Efficiency (in ms) as a Function of Task
For difficulty, participants performed better in the easy than in the difficult condition, which is not surprising, see 
Figure 3A. For overall performance on the tasks, participants performed the best in the color-fill and fill-shape 1 
conditions, see Figure 3B. Pairwise comparisons showed that performance in the color-fill and fill-shape 1 did not 
differ significantly from each other, and these two conditions resulted in significantly better performance compared
to the other task combinations. The finding that performance in the fill-shape and fill-shape2 conditions differed 
from each other is indicative of a search asymmetry effect. That is, it was easier to distinguish between the filled 
circle with a line and the filled triangle, when the unfilled circle with a line and unfilled triangles were designated as 
the additional distractions, then when the same combinations were presented, but participants had to distinguish 
between filled and unfilled circles with a line as the target of interest and the other distractors were filled vs. unfilled 
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triangles. The lack of a set-size effect suggests that participants can effectively group the combinations of features to 
make global judgments about classes of information.
A. B.
Fig. 4. (A) Mean Inverse Efficiency (in ms) as a Function of Difficulty (Ratio) and Task(B) Mean Inverse Efficiency (in ms) as a Function of 
Difficulty (Ratio) and Task
The main effects of difficulty and task were qualified by significant 2-way interactions of difficulty X task, 
F(2.98,77.55) = 2.83, p  Șp2 = .10, difficulty X set size, F(3,78) = 9.72, pȘp2 = .27, and set size X task, 
F(5.10,132.64) = 3.65, p  Șp2 = .12. 
To clarify the difficulty X task interaction, an analysis of the simple effect of difficulty for each task revealed that 
participants’ IE scores were significantly higher for the difficult ratio for all tasks (p< .001 for all comparisons), but 
the magnitude of the effect differed across the task types (see Figure 4A), with the color-letter task giving rise to the 
largest differences between the easy and difficult ratios (Șp2 = .86), followed by the color-fill task (Șp2 = .84), fill-
shape 1 (Șp2 = .82), color-shape (Șp2= .81), and fill-shape2 tasks (Șp2= .71).
To examine the difficulty X set size interaction, an analysis of the simple effect of set size for each difficulty ratio 
revealed that participants’ IE scores increased with set size for the difficult ratio (p    Șp2 = .15), but the 
magnitude of this set size effect decreased for the easy ratio (p Șp2 = .84), see Figure 4B.
Fig. 5. Mean Inverse Efficiency (in ms) as a Function of Set Size and Task
Finally, to evaluate the set size X task interaction, an analysis of the simple effect of set size for each of the five 
tasks was conducted (see Figure 5). This analysis revealed a significant effect of set size on the color-fill (U-shaped 
function), color-letter (inverse U-shaped function), and fill-shape (decreasing function) tasks, all ps< .05. The varied 
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set size functions for the different task suggest differential effectiveness of feature combinations in the creation of 
global groupings. The difficulty X set size X task interaction was not significant, F(5.77,150) = 1.66, p =.14, Șp2 =
.60, see Figure 6.
A. Color-fill B. Color-letter
C. Color-shape D. Fill-shape 1
E. Fill-shape 2
Fig. 6. Mean Inverse Efficiency (in ms) as a Function of Set Size and Difficulty (Ratio) for (A) color-fill, (B) color-letter, (C) color-shape, (D)
fill-shape 1, and (E) fill-shape 2 tasks
4. Discussion
Taken together, the results of the present study suggest thatdisplays with fewer items, more discriminable target-
to-distractor ratios and certain symbol combinations allow for better performance. Specifically, the combination of 
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color and shape and combinations of specific shapes and fill can give rise to the worst performance, as compared to 
the combinations of color and fill. Although filled and unfilled shapes can be used to denote characteristics of 
aircraft in radar displays, our findings indicate that doing so could possibly result in more time-consuming 
judgments. When applied to the design of air traffic symbology for current day and NextGen operations, these 
results suggest that using various combinations of colors and fill may be a promising way of aiding ATCos in 
rapidly and effectively extracting important air traffic information.
It is important to keep in mind, though, that the stimuli and visual arrays used in the present study were stationary 
displays. In a real air traffic management environment, the visual stimuli are dynamic and frequently changing. 
Moreover, it is often the case that multiple pieces of air traffic information may need to be conveyed simultaneously 
and more than two colors may typically need to be used in a given sector to distinguish aircraft based on a number 
of characteristics. In these environments, the benefits of color-coding may be diminished if the information 
conveyed by the colors is too complex or there is overlap in color usage for different aircraft characteristics [15,16]. 
As such, it is vital for future research to explore more complex displaysthat will include more color combinations in 
a dynamic environment that more closely approximates the real air traffic management environment.Another 
limitation of the present study was that the participants were college students and not air traffic controllers.Experts 
in the field may be able to engage in better processing of complex information. Nevertheless, the results of the 
present study provide initial evidence that can guide the design of air traffic symbology in using visual feature 
combinations that will ensure efficient performance.
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